ECE-501
Homework #5

1. (a) Starting with y(t) =
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Ry(t) = E{y@®)y*(t—7)}

75 h(v)z(t — v)dv, we have
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(b) Since we know that R, (1) = [*°_ [* h(v)h*(u)Ry(T + u — v)dvdu, we can write

Sy(f)
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2. The matlab code and plots for this problem appear below:

% global parameters
t_max = 100e-6;

Ts = 1/10e6;

t = 0:Ts:t_max;

fc = 2.5e6;

W = 500e3;

% wideband channel

cl =1; taul = 0;

c2 = -0.99; tau2 = 0.4e-6;

c3 = 0.2; tau3d = 3e-6;

h = zeros(1,round(t_max/Ts)+1);
h(round(taul/Ts)+1) = c1/Ts;

wideband channel

h(round(tau2/Ts)+1) = c2/Ts; 3 : : : : . . ! !

h(round(tau3/Ts)+1) = c3/Ts; g, |

figure(1) %

subplot (311); g |

plottf(h,Ts,’£’); e S S S N

title(’wideband channel’) frequency [Hz] <16
s ‘ ‘ ‘ banc‘ipass equ\‘valen! cha‘nne\ ‘ ‘ ‘

% bandpass equiv channel g .l |

tb = 100%Ts; %

Bl = (fc-W)*2xTs; g 05 1

Bh = (Feri)x2eTs; B U S S E R

b = firls(round(2*tb/Ts), [0,0.95*B1,B1,Bh,Bh*1.05,1],[0,0,1,1,0,0] frequency [Hz) x10°

h_bp = filter(b,1,h)*Ts; s ‘ ‘ ‘ base‘band euu:va\em ¢ha‘nnel ‘ ‘ ‘

subplot (312); Ee 1

plottf(h_bp,Ts,’£’); £

title(’bandpass equivalent channel’) g osF 1

% complex baseband channel ’ ! : ’ l"wwiﬂm]l ’ ’ ! m;

tlpf = 10*Ts; o6 ‘ ‘ ‘ mf%Mchmmﬂm
1pf = fir2(round(2*tlpf/Ts), [0,W*2xTs, (2*xfc-W)*2%Ts,1],[1,1,0,0])/ /
h_bb = filter(1lpf,1,h_bp.*exp(-j*2*pi*fc*t))*Ts;
subplot (313);

plottf(h_bb,Ts,’f’);

title(’baseband equivalent channel’)

amplitude

% generate message signal

ra.ndn( state’ ’0) ; 0 0.1 0.2 0.3 0.4 “mg.[zec] 0.6 07 0.8 0.9 741
tl = 50%Ts;

1 = £fir2(2*tl/Ts, [0,0.25*W*2*Ts,W*2*Ts,1]1,[1,1,0,0]1)/Ts;
mt = filter(1l,1,randn(1,round(t_max/Ts)+1))*Ts;

baseband equivalent communication

% AM communication over wideband channel
s = real(mt.*exp(j*2*pi*fc*t));
x = filter(h,1,s)*Ts;

ampltude

v = real( filter(1lpf,1,2*x.*exp(-j*2*pi*fc*t))*Ts ); ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
fig‘ure(Q) 085 0.1 02 03 0.4 05 06 07 08 0.9 1
subplot (211) time (sec] x107

plottf(v,Ts,’t?);

hold on; handy = plottf(mt,Ts,’t’); hold off;
set (handy, ’LineStyle’,’--’,’Color’,’Red’);
title(’wideband communication’);

% AM communication over complex baseband equivalent channel
vt = filter(h_bb,1,mt)*Ts;

subplot (212)

plottf(real(vt),Ts,’t’);

hold on; handy = plottf(mt,Ts,’t’); hold off;

set (handy, ’LineStyle’,’--’,’Color’,’Red’);

title(’baseband equivalent communication’);

(b) The magnitude response of the bandpass equivalent channel equals that of the wideband
channel over the frequency range of transmitted signal, [—f. — W, — fo + WU [f. = W, fo. + W].

(¢) The magnitude response of the complex baseband equivalent channel over the range [-W, W]
equals that of the wideband and passband equivalent channels over the range [f. — W, f.+W].

(e) The recovered signal looks like a highpass filtered version of the trasmitted signal, in that the
fast signal variations have been preserved, but not the slow ones.

(f) The complex baseband equivalent system output is identical (except for a delay) to the wide-
band system output. The delay is due to the group delay of the filtering used to create the
complex baseband channel.
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